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DIRECTIONALLY EQUIVALENT AND NON-EQUIVALENT STIMULI
AFTER UNILATERAL CALORIC HABITUATION'

WILLIAM E. COLLINS, Pa.D.

CIVIL AEROMEDICAL RESEARCH INSTITUTE,
FAA, OKLAHOMA CITY, OKLAHOMA

Cats have demonstrated a decline (“habitua.
tion”) in the nystagmic response to repeated
unilateral caloric irrigation in  illumination
( Henriksson, Femandez, & Kohut, 1961; Hen-
riksson, Kchut, & Fernandez, 1962), to repeated
rotation In total darkness (Collins, 1963b;
Crampton, 1961, 1962a; Crampton & Schwam,
1961), and to rotation with concommitant
optokinetic stimulation (Crampton, 1962b).
Further, If the clicited nystagmus is limited to

“a single direction during the habituating trials,

there appears to be no transfer of the response
decline to vestibularly-induced eye-movements

In the opposite direction (Crampton, 1962a; -

Henriksson, et al., 1962).

The question of transfer Involves stimulus
modality as well as directional effects, Working

with rabbits, Maxwell, Burke, and Reston

(1922) and Hood and Pfaltz (1954) reported
habituation of rotation-induced nystagmus, but
normal responses frem the wnilateral caloric
irrigations which followed the rotatory trials.
Collins (1963b) found little transfer in the cat;
the frequency of thebeats to calorlc stimulation
was reduced by ahdut one-third after an inted
vening series of 13 rotations. Dunlap (1925)
obtained a marked stimulus transfer by abolish.
ing nystagmus through calori¢ irrigation of
the canals first on one 'side i
rabbits, and then on the other, He obtained
no nystagmus to rotational stimull after these

treatments. .

' Data Killected with the technical avistume of Keaneth
E. Swain while the suthor was st the U, S. Amy Meadi-
tal Rewearch Labaraway, Fodt Knax, Ky, The asistance
of Juscph K Dwhon and Mary Javne Cappn in the
provent ol data reduction o gratedully scknowbedged.

the heads of -

The present study was designed to examine,
with cats: (a) the question of transfer of
caloric nystagmus habituation to the rotational
situation: (b) the manner in which caloric
habituation occurs in total darkness; (¢) the
effects of stimulus repetition upon the second-
ary nystagmus,

METHODS

Apparatus. Stimulating, restraint, and re-
cording equipment were identical to those
reported elsewhere (Collins, 1963b). The

. votatory device, described by Cuedry and Kal-

ter (1958), was situated in a light-proof room.

“All testing, including caloric irrigation, was

conducted with the animal positioned on the
tumtable. Restraint was effected according to
the technique of Henriksson et al, (1961),

The recording device, an Offner Type T
Electroencephalograph, employed a 1.4 sec RC -
time constant in amplification, Needle elec
trodes were positioned by the vuter canthi for
the mecording of horizontal components of ny-
stagmus. An indifferent electrode was located
on the crown near the mid-line of the skull.
Signals were led to a terminal box, through
slip-rings, to the recorder located in an adjoin-
ing room.

Procu'!m. The test room was in total dark-

ness during all trials, The habituation series

consisted of 13 consecutive caloric {rrigations of
the right car of cach animal. Water temper
ature was kept at 23.3° C (x 03° C), The
tests of transter (pre- and post-tests) consisted
of above-threshold CCVV accelerations {4.13°/
sec® for 13 sec) and sub-threshold decelerations
(0:18*/sec® for 333 sec) with the animal’s head
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positioned at the center of rotation. The rota-
tion schedule comprised: (a) 30 sec at a con-
stant velocity of 1 rpm; (b) acceleration; (¢)
60 sec at a constant velocity of 10 rpm: (d)

deceleration to zers velocity, The combination

of CCW threshold  accelerations and sub-
threshold decelerations, and irrigation of the
right ear with cool water, was designed to

limit the elicitation of primary nystagmus to a

single direction, tiz., with the fast phase to the
left. Stimulation always began within 10 sec
of the onset of total darkness. Rest intervals of
12-15 minutes separated trials,

Data from 8 of 10 cats are presented here.
The four discarded records were due to: (a) in-
terruption of recording by loss of electrode
contact (1 animal); (b) responses to the pre-
test or to the first {rrigation were too poor lo
be quantificd (3 animals), To obtain fusther
data from the same set of 8 animals, additional
trials were conducted following the post-test.

Two animals each were stimulated with: (a)

warm water (53.5° C) in the untested (left)
car {to clicit nystagmus in the same direction
as that occasioned during habituation); (b)
warmm water (53.5° C) in the tested (right)
car; {¢) cool water (23.5° C) in the untested

(left) ear. The latter two conditions each pro-
duced nystagmus in the opposite direction from

* that=elicited during the habituation trials, Thus

the question of directional transfer could also
be examined, A procedural cutline appears
in Table 1. :

RESULTS

Measurements of slow-phase displacement,
frequency, and duration of nystagmus were

.ohtained from cach animal, - Scoring for the

primary response began with the onset of

acceleration in the pre- and post-tests, and with

the termination of irrigation in the caloric series.

Secondary nystagmus {a nystagmus which {ol-

lows and heats in a direction opposite to that
of a declining primary response, in the apparent
absence of physical stimulation) was scored
from the point of its onset,

Examples of recorded nystagmus responses
appear in Figure 1. A clear decline In the vigor
of the caloric reaction as a result of repeated
elicitation Is evident for both of the animals
represented.  The post-test acceleration records
show only minor changes from the pre-test:
durations for primary responses are somewhat
shorter, the beats seem more regular and the

TABLE 1
THE PROCEDURAL CONDITIONS EMPLOYED
No. of Fast-Phase
Cats. Trfuls  Triale Conditions Direction
Al " . Pre-test 1 415%/sec' CCW accel Left
4 for 13 sec; sub-threshold decel
f )
Al Habituation 13  233* C water to right Left
’ ¥ ear for 30 sec
Al Pmt-te?/ 1 415%/sec® CEW aceel Left
c for.13 sec; substhreshold decel
1&2 Directional 1  533° C water to left Left
transfer ear for 30 sec
3&4  Directional 1 533° C water to right Right
. transfer ear for 30 sec
5&6 Directional 1 233° C water to left ' Right
transfer ear for 30 see
-2
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semndary nystagmus begins somewhat earlier.

Slow-phase and frequency plots against time

were made for caloric trials 1, 3, 10, and 15
(Figure 2). They indicate that: -(a) a con-
siderable o_verall reduction has occurred within
the first 5 trials; (b} additional stimulation re-
sults in a fusther overall reduction of the
response,

Total response-per-trial méasures appc.ar in
Figure 3. A decline in all aspects of the re-
sponse {frequency, slow-phase activity, and
duration) is evident for both the caloric and
rotatory data. The decline in caloric reactivity

MWERMSE WUMBER OF NYSTASMIC BIATS
FOR 3-5LIC. INTLAVALS
-
|

is marked, although leu regular than the fun
tion obtained for rotation (Collins, 1963b
Duration of the rotation-induced nystagmus
only slightly reduced and the drops in fr
quency and a slow-phase displacement are t
factors of about one-third,
The time-course of the responses to rotatic
are plotted in Figure 4, The nystagmus declir
- affects the enlire response curve, showing
small, overall depression of ocular activit
For both the pre- and post-tests, the nystagm
continues to build up Tor a Jsec period aft
stimulus termination,

M. ; " " R
[ FNMULUS «.1%7 5TCT rON 13 3EC.
o} o—>s PRL-TLIT
. 35 i S=-0 POST-TEST
‘ ‘ E§ ' AVERASE FOM § CATS
f ‘r
,-‘ - o
: ; W
v “g i /
g
35
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- } M FEY M R
\ 2 TIIE W4 2ECONOS
Figure 4. Time-course plots of ,:ul -test rotationeinduced n Duta weee
‘ plotted in J-sce lnhr\ra!s with the exception of the fint e show point

of stimulus termination. Note that in all cases the response “ovenhooh™ the
tecmnination of acceleration, .
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Figures 5 and 8 contain slow-phase displace-
ment and beat-frequency curves obtained by
stimulating the right ear with warm water,
or the left car with either warmn or cool water.

- These trals were conducted after the ﬁﬂstétmt

rotations. The data clearly indicate that uni-
lateral caloric habituation is specific to the
direction elicited during habituating trials.

Secondary nystagmus data are plotted in

Figures 7 and 8. The caloric secondary Is
extremely irregular in -carly trials, but shows

=g definite decline with repeated elicitation

(Figure 7). The pre- and post-test (rotation)
secondary shows very little change, The one
exception [s an Increase of onc-fourth to one-
third in duration of the post-test response

(Figre 8), -

DISCUSSION

Primary Nystagmus. Repeated unilateral ca-
lorle irrigation of the cat in total darkness
results in a maiked decline In slow-phase
displacement, frequency, and duration of

vestibular nystagmus, These findings ato In.

agreement with caloric data obtained by Hen-
riksson et al, (1962) under conditions of M-
mination and with results reported by others
(Collins, 1963; Crampton, 1961, 1962a; Cramp-
ton & Schwam, 1961) for repeated rotational

stimulation. The greatest amount of decline

occurs during the first 3 trials (Figure 3). This

closely parallels the manner in which rotation-

induced primary nystagmug habituates (Collins,
1983b).

‘Transfer of Habituation ‘

Stimulug transfer. The pre- and post-test
rotation data (Figure 4) shoyv a general, but
small decline effected by the/intervening calor
lzations, Of the 3 meaSures, duration of
response s least affected, while the totul fro-
quency and the total slow-phase aisplacement
are reduced by approximately one-third {Fig-
urg 3). This amount of decline is exceedingly
small considering the marked alteration in re-
sponse to the 13 caloric trials and is cquivalent
to what might bo obtained as a result of only
3 or 4 consecutive rotations {Collins, 1963b}.

Perhaps one of the most significant aspects of
the pre- and post-test graphs is the fact that
the nystagmus, in both cases, shows no decline

~ during the 3-sec period after termination of

acceleration. Other data {Collins, 1963b) have
indicated ‘that this holds true for only about 4
consecutive trials at this identical stimulus level,
With the fifth trial, the response has been
shown to drop off sharply from the point of
stimulus termination. Thus, the intervening
caloric trials, althuagh prodicing a striking
reduction in nystagmus to unilateral irrigation,
exercise relatively little effect on responses to
rotation. :
The question of stimulus transfer in ves-

tibular hahituation has received little cxamina-
tion. Maxwell, Burke, and Reston (1922) and

‘Hood and Pfaltz (1954) habituated rabbits to

rotational stimuli and then found “normal”
responses to caloric Irrigation, The former,
however, employed no pre-rotation control trial
and reported no_quantified data while Hood
and Pfaltz {1954) based thelr conclusions pri-
marily upon duration measures, More recently,
Colling~{196h) obtained only minor pre. to
Ko:t-tcst caloric changes from the cat alter
abituation to rotation, It should be noted
that, in all of these cases, there were apparently
considerable differences in the Intensities of
the habituating and transfer stimuli,

Dunlap (1923) employed conditions some-
what more similar to those reported here.

~ Working with rabbits, he completely abolished

nystagmus to unilateral ice-water caloric irriga.
tion first to one ear, and then the other. After
this extensive habituation, responses to rotatior
wére ahsent,

It has been suggested that differences In the
relative intensity of rotatory vs. caloric stimula
tlon%lght have been one cause for the failure
to oblain transfer of habituation from rotatior
to thé caloric situation (Collins, 1963b), The
importance of this intensity varlable for dif
ferences within a stimulus modality has beer
noted {Griffith, 1920; Cuedry, 1933 Maxwell
Burke & Reston, 1922), but has not recelves
tnlensive fnvestigation, It appears that, afte
habituation to a given level of stimulation, |
more Intense stimulus may ovoke a brisl

“response,

-8
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- A second factor has also been suggested to
account for the failure to obtain positive results
fn transfer tests (Collins, 1963b). Data ob-

* tained here lend some support to its possible

tmportance. In the present study, the initial

caloric nystagmus Jutput exceeded the rotation

response by a considerable amount, Thus the
animals were habituated to a stimulus which
was Initially more Intense than that experienced
during the pre- and post-tests, This Intensity
difference wenld appear to favor “a-transfer

- -effect. ‘That such transfer did not occur might
- be accounted for by differences In the neural

excitation patterns generated by unilateral and
bilateral stimulation. That fs, the habituating
mechanism may respond with a relative spe-

cificity that s related to whether a single

horizontal semi-circular canal is stimulated re.
petitively, or whether both canals are simultan-
eously activated, o

The two cxplanatory factors outlined above
are not, of course, mutually exclusive, Further

experimentation Is required to determine the.

relative weight of their contributions, -
Response transfer, Henriksson et al. (1962)
have presented data which show that unilateral
caloric nystagmus habituation is specific to the
direction of the response elicited during the
habituating trials, Data obtained in this study
(Figures 5 and 6) provide confirmation of
thelr findings. Thus, after a specific direction
of nystagmus has been habitudted by repeated
unilateral irrigations, a stimulus, applied to the
oppasite ear, which drives the response in the
same direction as that of the habituating trials,
shows a inarked depression of reaction, On the
other hand, stimuli'applied unilaterally to either

ear, whi.h provoke a response ih the direction

_opposite that of the habituating trials, result

in a vigorous nystagmus, Crampton ,(1962a)
has presented data which indicate a similar
directional specificity of cat nystagmus habit.
uated 8% rotation and Aschan (1954) has noted
a relationship between directional preponder
ance of nystagmus in fighter pilots and their
cholce of direction in "rolling” their atrcraft,

Secondary Nystagmus., Only a few studfes
have been concemned with characteristics of
secondary nystagmus (e.g., Aschan & Bergstedt,
1954; Collins, 1962, 1983ab; Collins & Poe,
1962; Fluur & Mendel, 1862; Hauty & Wendt,
1960), In the cat, the secondary reaction to
rotation has been teported to rise, peak, de-
cline, and habituate in a manner highly similar
to the primary response (Collins, 1963b), In
addition, the slow-phase rotatfon-induced out-

- put of secondary actlvity in the cat appears

to be‘about one-fourth to one-fifth that of the
primary (Collins, 1983b); for man, the factor
was reported to be about one-half for 3 selected
subjects (Hauty & Wendt, 1960). Some of this
inter-species difference may be due to more
sustained high levels of arousal in man {Collins
& Poe, 1962; Crampton, 1961; Crampton &
Schwam, 1961) or to the selection of the
human subjects.

In the present study, no consistent relation-
ship between primary and secondary output to
the caloric stimulation can be readily expressed.
That the secondary declines is clear. The de-
cline, however, is abrupt after trial 5 (Figure 7)
and quite frregular, During the first § trials,
secondary nystagmus altemately declines mark.
cdly and returns to {ts initial level,

All of the animals gave secondary responses
to the pro- and post-test rotation trials and to
the first caloric {rrigation, Thereafter, however,
the number of cals producing secondary re.
sponses varled from 1 to 3 for trials 2 through 7
- no secondary responses were recorded during
trial 8 — and, similarly, from 1 to 5 for trials
9 through 15, Its appearance in a given animal
{s thus not consistent.

No stulking overall change in slow-phase dis-
placement or frequency occurred in the pre-
to post-test comparisons of secondary nystag-
mus,  Duration of the response increased,
however, during the post-test (Figure 8).
Parenthetically, it might be added that the tests
employing equivalent (33.5° C to the left car)
and non-equivalent {33.3° C to the right ear
and 23.3° C to the left ear) stimull showed
only a fow scattered beats of secondary
responses,
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SUMMARY

scored,  All 3 measures reflected a decline In

* both the primary and the secondary caloric mea-

sures, Responses to rotation following the cal.

. orle habituation showed almost no change, fe.,
~‘there was no apparent stimulus generalization,
_ Differences in: {a) the pattemns of nervous ex-
citation elicited by unilateral and bilateral stim-

ulation; and (b) 'inteml?,' were hypothesized
as possible causes for the failure to obtain trans-

" fer.  Additional unilateral caloric trials con-

firmed reports that the reduction of nystagmus
{s specific to the direction elicited during habit-

vation trials.
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